Molecular genetic analyses and recombitiant DNA techniques have proved to be powerful methods in exploring mechanisms of pathogenesis in many bacteria species. Genetic approaches to elucidating the pathogenesis of Campylobacter infections have been hampered in two ways. The first impediment was the absence of a genetic exchange system permitting the introduction of genes into Campylobacter cells. No methods of transformation or general transduction have been previously described for these species. Moreover, systematic efforts to transfer plasmids from different incompatibility groups from Escherichia coli to Campylobacter species via conjugation have been entirely unsuccessful (16) . The second major barrier to the genetic analysis of Campylobacter species lies in the difficulties encountered in attempts to clone, maintain, and express Campylobacter genes in E. coli host strains (16) . To elucidate the molecular basis of virulence in Campylobacter species, we embarked on the in vitro construction of a shuttle cloning vector. We constructed a chimeric plasmid derived from E. coli plasmid pBR322 into which Campylobacter replication functions, a kanamycin resistance gene, and the origin of transfer (oriT) from a broad-host-rahge plasmid were inserted. We chose the kanamycin resistance gene encoding a 3' aminoglycoside phosphotransferase type III as the selectable marker because it is self-eXpressed in both E. coli and Campylobacter species. This sequence is present on a Campylobacter coli plasmid (pIP1433, Tra+ Km Tc) (13) and is contained within a 1.427-kilobase (kb) ClaI-HindIII DNA restriction fragment. Therefore, to construct a plasmid which can express a selectable marker in both E. coli and Campylobacter species, we first cloned this fragment into the Clal-HindIII sites of pBR322, creating pILL502 (Table   1 ). In the next step, we introduced Campylobacter replication functions by incorporating the entire cryptic C. coli plasmid pIP1455 (10) . This replicon was selected because of its small size (4.57 kb) and its apparent high copy number. (Fig. 1) . The pILL512 chimeric plasmid was introduced by transformation (3) into E. coli HB101 (2) harboring a helper plasmid pRK212.1 (5) , and mating experiments between E. coli and Campylobacter jejuni C31 were performed as follows. E. coli cells were grown in L broth without antibiotic with gentle shaking to a density of 108 bacteria per ml. Campylobacter recipient cells were grown overnight in heart infusion broth supplemented with vancomycin (10 mg/liter), cephalothin (15 mg/liter), polymyxin B (5 mg/liter), and trimethoprim (5 mglliter) at 37°C with vigorous shaking under microaerophilic conditions in an aerobic jar with a carbon dioxide generator envelope (BBL 70304). Ten milliliters of the overnight recipient cultures (108 bacteria per ml) were centrifuged, washed in sterile water, pelleted again, and suspended in 1 ml of donor E. coli cells. The donor and recipient strains were therefore mixed in a 1:10 ratio (108:109 bacteria per ml). The mating mix (1 ml) was spread on the surface of a Mueller-Hinton plate and incubated in microaerophilic conditions for 5 h at 37°C. The bacteria were harvested and suspended in a final volume of 1 ml, and aliquots of 100 ,ul were plated on Miueller-Hinton medium containing vancomycin, polymyxin, cephalothin, trimethoprim, and kanamycin. Plates were incubated at 42°C in microaerophilic conditions for 48 h.
Mating between donor E. coli cells and C. jejuni C31 recipients resulted in chimeric plasmid transfer and the production of stable transconjugants. Several lines of evidence demonstrated that Kmr transconjugants were, in fact, derived from C. jejuni C31. Bacterial cells from colonies which developed after conjugation had typical Campylobacter morphology after Gram stain and appropriate biochemical markers (oxidase positive, microaerophilic dependent growth at 37 or 42°C, and no growth at 25°C). Total chromosomal DNA was extracted from the transconjugants and fron the recipient C. jejuni C31 by adapting the technique described by Hull et al. (8) to a 10-fold-reduced scale; VOL. 169, 1987 8.5 Shuttle cloning vector' a Plasmid nomenclature was according to E. Lederberg (11) . b According to Fig. 2. digestion of total DNA with BglII, ClaI, and Hindlll (data not shown) produced identical chromosomal restriction patterns. In addition, analysis of plasmid DNA extracted from Kmr transconjugants (12) revealed that pILL512 had been transferred and remained intact in C. jejuni recipients, showing no detectable deletions or rearrangments. Significantly, we noted that whereas digestion with HindIII, CfoI, and Sau3A of the shuttle vector plasmids extracted from E. coli donors and Campylobacter recipients produced identical restriction fragment patterns, pILL512 DNA isolated from E. coli was resistant to MboI digestion, while shuttle plasmid DNA extracted from Campylobacter recipients was completely digested (Fig. 2) . These data suggested that DNA was not methylated in C. jejuni C31 at the adenosine residue of the GATC recognition sequence. Reciprocally, shuttle plasmids isolated from C. jejuni C31 were resistant to EcoRI digestion (Fig. 2) (Fig. 1) , pBR322 DNA; ---, deleted DNA sequences. Numbers (in base pairs) indicated the size of the C. coli cryptic plasmid HindlIl (H) fragments. [9] ) nor in Bacteroides fragilis (6) . Therefore, it would appear that these results, and the difficulties encountered by ourselves and others to clone 
